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Three electrode high-vacuum thermionic tube, developed by 
H. D. Arnold; used in 1914 as a repeater element in trans- 
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Harold de Forest Arnold 


Born September 3, 1883, at Woodstock, Connecticut 
Died Julp 10, 1933, at Summit, New FJersep 


HEART attack, after only a few 
hours’ warning, abruptly ter- 
minated a life of many helpful 

friendships and a career of great im- 
portance to the arts of electrical com- 
munication. 

Completing his formal education in 
ig11 with his doctorate in physics at 
the University of Chicago, Harold 
Arnold became a research physicist 
in the Bell Telephone System. Within 
three years, as a result of his develop- 
ment of the three-electrode vacuum 
tube into a stable and distortionless 
amplifier of telephone currents, new 
engineering techniques were available 
in telephony and the modern basis 
had been established for all forms of 
electrical communication. Telephony 
was no longer limited to distances 
like that between New York and 
Denver: nationwide telephone service 
became possible and was signalized by 
the opening of New York-San Fran- 
cisco service in IgI4. 

A year later Dr. Arnold’s further 
developments and his appreciation of 
the physical principles involved in 
vacuum-tube operation and in elec- 
trical communication permitted the 
then startling achievement of radio- 
telephone transmission from Washing- 
ton to Paris. World-wide telephone 
communication became practicable; 
and in addition there was laid a foun- 
dation on which was to rise the entire 
art of radio broadcasting. 


The vacuum tubes which he de- 
veloped, because they could amplify 
telephonic currents without distor- 
tion, permitted the use of smaller 
gauge and less expensive transmission 
lines than would otherwise have been 
required. A series of economies in 
long-distance transmission was there- 
by initiated, to which contributed also 
the utilization of these tubes in 
“carrier-current” terminal equipment 
for the simultaneous transmission of 
several messages over a single pair of 
wires. The present long-lines plant of 
the Bell System, in every mile of its 
wide-spread network and in each of 
the quarter million vacuum tubes 
which are employed in repeater or 
terminal stations, bears witness to the 
importance of Dr. Arnold’s contribu- 
tions and to their utilization and 
extension. 

With his development of the va- 
cuum tube and his early conclusions 
as to its application to wire and radio 
transmission, telephony began a new 
era. It passed the limits normally de- 
fined by the word “telephony” and 
became a new art of electrical com- 
munication with broader basic prin- 
ciples and with concern for the elec- 
trical transmission of intelligence in 
any form. Hundreds of explorers 
poured through the pass which he had 
opened into a new field of scientific 
investigation and the combined result 
of all their activities is the present 
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high state of the communication arts. 

His contribution to telephony be- 
gan in January, 1911, when he en- 
tered the Engineering Department of 
the Western Electric Company and 
started work under the supervision 
of Dr. E. H. Colpitts. The necessity 
of extending the length of its long 
distance circuits had been fully recog- 
nized by the American Telephone and 
Telegraph Company, and the problem 
was to be undertaken with every aid 
of scientific knowledge and research 
technique which was available. A 
successful transcontinental telephone 
circuit was the immediate goal 
as set by General J. J. Carty, its 
Chief Engineer. To establish such 
a service economically, it was also 
recognized, there was necessary a 
telephone repeater certainly greatly 


Mercury-arc element for telephone repeater, 
developed by Dr. Arnold in 1912 


improved over anything then 
available but more probably operat- 
ing on an entirely different principle. 
Appreciating that the field of 
electron-discharge phenomena of. 
fered very substantial possibilities of 
affording a solution of the repeater 
problem, Dr. F. B. Jewett wrote to 
Professor Millikan, recognized even 
then as preeminent in that field of 
physics, and asked him if he could 
recommend a man to undertake the 
development of electron-discharge re- 
peaters. Professor Millikan replied 
saying that he had a man 

“who is taking his degree this fall, 
so that he could go into the employ of 
the telephone company, if you can 
make arrangements with him right 
away. His name is H. D. Arnold. | 
have had intimate association with 
him ever since 1907; I regard him as 
one of the ablest men whose research 
work I have ever directed and had in 
classes; and also I know him inti- 
mately as a man of the highest char- 
acter in every particular, and a man 
who would be satisfactory for the 
purpose you have in mind.” 

After a brief review of certain as- 
pects of the telephone repeater prob- 
lem, Dr. Arnold turned his attention 
to the development of a suitable ele- 
ment. He first directed his efforts to 
devices employing a mercury arc; and 
by July, 1912, he had produced a 
repeater element employing a mer- 
cury arc. This was used commercially 
to a limited extent. 

Quite promptly, however, his at- 
tention was called to the “audion” of 
Dr. Lee DeForest, one of the most 
interesting and important inventions 
in modern electrical art. Although at 
that time a very crude instrument in- 
capable of being used as a repeater in 
the telephone plant, Arnold recog- 
nized the possibilities inherent in this 
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instrument and with the full concur- 
rence and support of those responsible 
for the long toll-line program, he 
undertook the development which, 
starting on the basis of DeForest’s 
three-electrode audion, resulted in the 
production of the modern three- 
electrode high-vacuum thermionic 
tube. 

Dr. Arnold’s contibutions at that 
time may be briefly listed as: first, the 
appreciation of the necessity of a high 
vacuum, and the development and 
application of methods for obtaining 
such a vacuum; second, the recogni- 
tion of the existence and the impor- 
tance of the space-charge effect of 
electrons in such a high-vacuum de- 
vice, and the calculation of the magni- 
tude of this effect and methods for its 
adaptation to commercial purposes; 
third, the development of the theories 
as to and means for obtaining proper 
physical constants for the tube in the 
way of input and output impedances 
and amplifying ratios; and fourth, the 
adaptation of tubes involving these 
newly developed principles to the 
telephonic problems of long-distance 
wire telephony and also of radio tele- 
phony. He developed designs for these 
tubes and methods for their manu- 
facture such that they could be repro- 
duced with accuracy and that de- 
pendable and interchangeable tubes 
could be made to meet the telephonic 
requirements of reliability and ease 
of maintenance. This work included 
not only the development of prin- 
ciples as to the spatial relations of the 
mechanical parts of the tubes but also 
the development, under his immediate 
direction and at his suggestion, of an 
oxide-coated filament as a source of 
electrons within the tube. 

These advances in electronics were 
so quickly accomplished primarily be- 
cause of his unique ability in research. 


Snapshot of Harold Arnold taken at Arling- 
ton in 1915 during early experiments in 
transatlantic radio telephony 


Instead of looking at the audion as 
did radio engineers, to whom it had 
been for years a familiar device, he 
considered it as a specific instance in 
the general problem of conduction of 
electricity through vacua. Instead of 
studying it first by its action when 
supplied with alternating current 
whether of radio or telephonic fre- 
quencies he investigated its static 
characteristics with direct current. 
Invariably in attacking a problem he 
saw it so broadly and philosophically 
that it usually fell into its proper 
scientific relationship and disclosed 
thereby the desired line of attack. A 
philosophical attitude, real intellectual 
curiosity, and good manipulative 
ability, with an up-to-date back- 
ground of education in physics, made 
his investigation rapid and creative. 
A marked modesty, however, withheld 
him from publication of even those 
portions of his work which involved 


[ 353 ] 


| 
| 
i 
a 
: 
\ 4g 
\4 
4 
a 
| 
} 
a 
4 
. 
| 4 
H 
if 
| 
| 
} 


no patentable material. The records 
of these important researches are 
largely contained in intracompany 
memoranda and in his laboratory 
notebooks. 

The series of advances in communi- 
cation which his work stimulated, and 
also his own researches, suffered some 
delay during the next few years due 


Twenty-five watt power-tube designed by Dr. 
Arnold, and used in the first transatlantic 
radio-telephone transmission 


to the World War. For a portion of 
that time he served as a Captain in 
the Signal Corps and personally con. 
ducted researches in problems of sub- 
marine detection while directing other 
wartime investigations by his group 
of assistants in the Western Electric 
Company. 

During these years he had super- 
visory responsibility for a rapidly 
growing corps of assistants who con- 
tinued investigations in the field of 
thermionics or struck out as pioneers 
in other fields of research which were 
similarly essential to the progress of 
the communication arts. 

One of these fields was the physics 
of speech and hearing. Ever since the 
epoch-making invention of Alexander 
Graham Bell that had continued as a 
field of investigation fundamental to 
telephony. Much had been learned in 
the years between Bell’s work and 
Arnold’s; but the total volume of 
knowledge acquired was relatively 
microscopical as compared to that 
which derived from the Bell System 
scientists whose investigations Arnold 
inspired and directed. 

It was Arnold more than anyone 
who first visualized the vacuum-tube 
amplifier as a research tool in these 
investigations. And it was Arnold 
who conceived a basic philosophy of re- 
search in this almost unexplored field 
which has led to the most varied and 
remarkable achievements of com- 
munication engineering. Through 
hours of conference each day, en- 
livened by his quick penetration and 
scientific ingenuity, he worked for 
years guiding, stimulating and oc- 
casionally correcting the efforts of 
several scores of investigators in a 
coordinated attack on the funda- 
mental problems of speech and hear- 
in 


Modest and retiring, he kept back 
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his own name; and the researches are 
known, as he wished them to be, by 
the names of those who conducted 
them, rather than by that of the 
master mind who broadly conceived 
and sympathetically coordinated. 
That attitude is illustrated in one of 
his few published papers, a description 
of the objectives and activities of the 
Research Department of Bell Tele- 
phone Laboratories, of which he was 
the Director from the time of its for- 
mation in 1925 until his death. He 
there said in part: 

“The fundamental duties of the Re- 
search Department are to obtain new 
scientific knowledge which may serve 
our art, and to consider ways in which 
this information may be utilized. Of 
its output, inventions are a valuable 
part, but invention is not to be 
scheduled nor coerced: it follows re- 
search through the operation of genius; 
and the best that any department can 
do to promote it is to provide a suit- 
able environment. ... 

“When we plan to find new facts of 
Nature we must approach with care 
and circumspection, for she indeed 
‘speaks a various language,’ and her 
response can only be obtained by 
those who devote themselves patiently 
and with the utmost skill to her pur- 
suit. She reveals herself most readily 
and understandably through the med- 
ium of ingenious and precise experi- 
ments, and for these experiments di- 
verse and often complicated facilities 
are required. So for the pursuit of new 
knowledge the Research Department 
must equip itself with facilities which 
often little resemble the ordinary tools 
of our industry, and must seek con- 
tinually new and more ingenious de- 
vices by which to compel Nature’s 

“It is not, however, so much the 
nature of the facilities as their di- 


H. D. Arnold, champion, with E. B. Craft, 
during the 1925 golf tournament of the Bell 
Laboratories Club 


versity which is most impressive. Our 
research problems are scattered along 
the whole frontier of the sciences 
which contribute to our interests, and 
extend through the fields of physical 
and organic chemistry, of metallurgy, 
of magnetism, of electrical conduc- 
tion, of radiation, of electronics, of 
acoustics, of phonetics, of optics, of 
mathematics, of mechanics, and even 
of physiology, of psychology, and of 
meteorology. 

“With problems and facilities so 
diverse, but with specialists chosen 
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for each field, the administrative 
function of the Research Department 
resolves itself chiefly into the main- 
tenance of facilities and the coordina- 
tion and distribution of information 
in such a way that each man may take 
to his own problem the most adequate 


Dr. Arnold demonstrating to Dr. C. E. 

Seashore the operation of the audiometer, an 

early development in the series of investi- 
gations of speech and hearing 


means of solution and may at all times 
be in touch with progress at other 
points. It would be deadly to stand- 
ardize too rigidly this administrative 
assistance. It can, however, be co- 
ordinated in such a way as to produce 
real economy of operation if in its 
giving there is always the keenest 
appreciation of the specific needs of 
the individual investigator and if the 
line of supplies and service is kept in 
personal touch with him as he ad- 
vances. 

“No organization or method of ad- 
ministration can create the vital 


spark of the investigator. It is born in 
the fiber of the individual. It can, 
however, be encouraged to expression; 
and working in contact with like 
spirits it gains an associated strength 
that is indomitable. 

“The Research Department, then, to 
fulfill its fundamental duties, is or- 
ganized and administered with a view 
to fostering the spirit of research in its 
individual investigators, to associat- 
ing them so that individual and group 
experience may find its most useful 
expression, and to providing the best 
possible facilities for the materializa- 
tion of their ideas.” 

Such was his attitude; and that 
combined with his own scientific 
genius and his clear philosophy of ob- 
jectives and methods is credited as a 
major cause of their individual and 
group achievements by the scores of 
scientists who during the past twenty 
years have explored the fields of 
speech and hearing. 

The only published record of that 
guiding philosophy is contained in the 
introduction which he wrote to the 
book on “Speech and Hearing” by Dr. 
Harvey Fletcher. Only in a portion 
of a sentence can one glimpse in that 
introduction the profound influence 
which he had in the work the book 
records. His responsibility for the 
broad plan of investigation is implicit 
in this sentence: 

“The work is not complete—indeed 
some parts of it are hardly more than 
started; yet its results have been so 
great, both for the original purpose 
which was planned and for the many 
issues which have since arisen, that it 
presents a unique exemplification of 
the worth of systematic and sustained 
research.” 

The philosophy which underlay all 
the Laboratories’ researches relating 
to speech and hearing, Arnold ex- 
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pressed briefly in that introduction in 
the following words: 

“Our ears are only machines to 
translate air waves into a form suited 
to stimulate the auditory nerve; and 
as machines we may measure and 
describe them in the same terms that 
apply to devices we ourselves con- 
struct. We may compare them as to 
performance, and may accommodate 
our devices to their requirements. 
But, to understand the mechanism of 
the ear is by no means to understand 
the act of hearing, for we have not 
heard until the brain has perceived 
the message sent by the auditory 
nerve. We cannot explain in precise 
mechanical terms how this is done, 
nor indeed have we any very clear 
comprehension of the process at 
present. Some important factors re- 
lating to the process of hearing we 
can, however, determine by measuring 
the least changes in sound which can 
be detected under a variety of condi- 
tions of pitch, loudness, and accom- 
panying noise. Thus we may obtain a 
quantitative means of comparing in- 
dividuals in this respect and establish 
a standard of average hearing. 

“There is a most important factor 
in hearing, however, which is much 
more difficult of analysis and measure- 
ment. This is the individual’s ability 
to recognize small defects in those 
sounds with which he has become es- 
pecially familiar. We all know how 
quickly we note a slight change in a 
friend’s voice, and with what uncanny 
skill a trained musician will detect 
minute imperfections in very complex 
sounds. Our approach to a quantita- 
tive understanding of the importance 
of this must be by an indirect method. 
First we must construct devices so 
perfect that even the keenest ear 
cannot find a flaw in their rendition, 
and then step by step we may intro- 


duce measured imperfections until an 
observer can detect a fault. In the 
response of individuals to this test 
there will, of course, be great dif- 
ferences; but when we have collated 
opinions from a wide variety of ob- 
servers we may forecast in a reason- 
able way the degree of mechanical 
perfection that may be demanded of 
our instruments. 

“This, then, has been the philosophy 
of the investigation of hearing which 
has been carried on in Bell Telephone 
Laboratories during the past fifteen 
years: to get an accurate physical 
description and a measure of the 
mechanical operation of human ears 
in such terms that we may relate 
them directly to our electrical and 
acoustical instruments; to test the 
keenness of the sound-discriminating 
sense and find what is the smallest 
distortion which the mind can per- 
ceive and how it reacts to somewhat 
larger distortions; and thus to reach 
a reasonable basis of design both for 
separate instruments and for systems 
as a whole, to give a proper balance 
between cost and performance. 

“With hearing, speech and music 
are linked inseparably for they only 
bring a meaning through our aural 
sense. It is an instinctive first thought 
that they must be heard to be criti- 
cized. They can, nevertheless, be in- 
vestigated by mechanical means and 
be described in the same physical 
terms that we use in describing hear- 
ing; and thus to an extent we may 
consider them both objectively. But 
if we attempt to divide the study be- 
tween speech and music we come at 
once upon the difficulty that speech 
conveys information by intonation as 
well as by articulate syllables; and 
this makes it infeasible to set a defi- 
nite boundary between them. A di- 
vision, however, between vocal sounds 
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Dr. Arnold as he demonstrated the Barkhausen effect in a lecture on “Science Listens” 
before the American Association for the Advancement of Science, 
Pasadena, Fune, 1931 


and instrumental sounds proves more 
useful, for in the one case we are 
limited by our vocal organs which we 
must take as they are, while in the 
other we have a definite control and 
can adapt the nature and complexity 
of the sounds produced to conform to 
our sense of hearing and our musical 
appreciation. The investigation of 
speech and music has been governed 


by these general considerations. An 
attempt has been made to establish in 
definite terms the performance and 
limitation of the voice and, although 
so far in much less detail, to find the 
corresponding factors in instrumental 
music. 

“With a clear knowledge of the 
nature of the sounds that we must 
produce and the accuracy with which 
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we must maintain their form, there 
remains the problem of securing in- 
struments which are sufficiently re- 
fined for the purpose. Instruments of 
remarkable precision are required in 
the conduct of the investigation, since 
if we are to measure the smallest de- 
tectable variations in sounds we must 
obviously use equipment which is 
capable of a degree of exactness be- 
yond these small quantities. Such in- 
struments would appear at first sight 
not to have much utility outside the 
laboratory, since they are costly and 
often complicated and hard to adjust. 

“It is interesting to note, however, 
that some of the instruments, in 
essentially their original laboratory 
form, have found other important 
uses. Indeed, a surprising number of 
modern acoustical accomplishments 
have come about through the use of 
slightly modified forms of the appa- 
ratus which was originally developed 
for these investigations. Modern 
phonographic records are produced 
with an electrical transmitter which 
was developed in the very early stages 
of these studies; and radio broadcast- 
ing has grown up around this same 
‘microphone.’ reproducing 
equipment of the modern phonograph 
and of the radio were predicated di- 
rectly upon these investigations; and 
talking motion-pictures owe their 
success and much of their apparatus 
to this same source. 

“Although the results which relate 
to normal speech and hearing are 
naturally the most familiar and widely 
known, there have also been import- 
ant outgrowths in the way of aids to 
those handicapped in one or the other 
of these faculties. In establishing the 
functioning of the average ear it was 
obviously necessary to investigate a 
large number of cases and among 
them some which departed rather 


widely from the average. For this 
study an instrument was devised, 
now known as the audiometer, which 
has put within the reach of all who 
need it the possibility of an accurate 
measure of their hearing. In quite 
analogous fashion there grew out of 
the investigation of the limits of 
hearing a better knowledge of ways to 
provide aids for those partially deaf. 

“Valuable as these results are, 
economically the most important out- 
come of the work has been the in- 
crease of exact knowledge as to the 
requirements and limitations to be 
placed upon the transmission of 
speech in the telephone system. As 
time goes on there must bean evolution 
toward even greater perfection in those 
particular elements which are most 
important to intelligibility. The sys- 
tem is so large that the cost of such an 
evolution is immense and changes 
undertaken without an _ accurate 
knowledge of their value might lead 
to burdensome expenditures for dis- 
proportionate results; but, with the 
facts established by this investigation 
in hand, we can weigh any contem- 
plated change and judge whether it is 
the one that offers most improvement 
at the moment and what its ultimate 
effect will be in its operation with 
other elements of the system.” 

In that introduction Dr. Arnold 
passed over in a paragraph as merely 
“interesting to note that some of the 
instruments in essentially their origi- 
nal laboratory form have found im- 
portant uses.” The latest practical 
achievement, resulting from that ser- 
ies of researches and one in which he 
took great interest, was publicly 
demonstrated only a few weeks before 
his death. There was a reproduction 
in Washington, before a large audi- 
ence, of orchestral music transmitted 
by telephone lines from an auditorium 
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in Philadelphia and reproduced not 
only with perfect quality but also in 
auditory perspective. 

Many other researches were con- 
ducted in his department and re- 
ceived his sympathetic attention. 
Those in magnetism, which led to the 
development of the remarkable mag- 
netic alloy known as “permalloy,” 
however, are the only ones with which 
his name is publicly associated. 


Among the researches with which 
he was concerned those in the fields of 
electronics and of speech and hearing 
are the ones to which his individual 
contributions were greatest, and they 
appear to be of great ultimate value. 
Everyone who uses a telephone, who 
listens to radio-broadcasting, who at- 
tends a sound-picture performance 
owes a debt of gratitude to the 
genius of H. D. Arnold. 


Research is not constructing and manipulating; it is 
not observing and accumulating data; it is not merely in- 
vestigating or experimenting; it is not ‘getting the facts’; 
although each of these activities may have an indispensable 
part to play in it. Research is the effort of the mind to 
comprehend relationships which no one has previously 
known. And in its finest exemplifications it is practical as 
well as theoretical; trending always toward worthwhile 
relationships; demanding common sense as well as un- 


common ability. 


—From a lecture delivered by H. D. Arnold at the Lowell Institute, Boston, 
on Fanuary 5, 1932 
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Seeing Sound at the Chicago Exposition 


By R. F. MALLINA 
Acoustical Development 


N acquainting the visitors to the 

Century of Progress Exposition 

with some of the essentials of 
modern electrical communication, it 
seemed very desirable to allow them 
both to hear and to see the forms of 
the signal waves sent over certain 
types of telephone circuits, and to 
compare them with actual speech 
waves. By using an available type of 
loud speaker, the signals could easily 
be heard by a large audience. No ap- 
paratus was available, however, which 
would make the signals easily visible 
to the larger groups that gather at the 
exhibit, although an ordinary oscillo- 
scope would serve to make the signals 
visible to one or two people at a time. 
But by adapting telephone apparatus 


to serve as the actuating element of 


the oscilloscope, there was developed 
in Bell Laboratories a new oscillo- 
scope, shown in the photograph at 
the head of this article, which throws 
the image of the signals on a large 
screen where they may be seen by a 
considerable number of people. 

The function of an oscilloscope is to 
represent an electric current, that 
varies in strength with time, by a 
point of light that varies in vertical 
distance above some base line with 
distance along that base. The trans- 
formation is accomplished by two 
separately acting mechanisms, and by 
employing a powerful source of light, 
reflected by a mirror, as the visible 
image. The current to be depicted is 
passed through a telephone receiver 
such as is used in the ordinary hand- 
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set. A small spherical mirror is at- 
tached to the diaphragm of the re- 
ceiver so that variations in the current 
tilt the mirror up and down. The mir- 
ror reflects a ray of light from a small 
electric lamp, like those used in auto- 
mobile headlights, onto a small mo- 
tion picture screen, where it may be 
seen by the spectators. The up and 
down motion of the reflected ray of 
light accurately corresponds to the 
variations of the current, and thus to 


VIBRATING 
MIRROR 


SCREEN 


MIRROR 


Fig. 1\—Simplified schematic of the mirror 
arrangement of the large oscilloscope 


the variation in pressure of the origi- 
nal sound. 

The motion of the light across the 
screen is provided by a rotating mirror 
as shown in Figure 1. Here the mirror 
is shown as consisting of six plane 
mirrors forming a hexagon; in the 
actual oscilloscope twenty mirrors are 
employed, arranged in a regular poly- 
gon and rotated by a small motor. 
Light from the lamp falls on the 
mirror on the receiver and then is 
reflected to the rotating mirror. The 
motion of this rotating mirror throws 
the beam across the screen at the 
same time that it may be rising or 
falling due to the vibration of the 
mirror on the receiver. The faster the 
mirror rotates the more will the waves 
be spread out on the screen, and a 
speed is selected that will give the 
best effect for the ordinary sounds of 
speech and music. 


The twenty faces of the rotating 
mirror successively pick up the beam 
reflected from the small mirror on the 
receiver and flash it across the screen. 
The mirror is rotated at thirty-three 
revolutions per minute, so that the 
time required for one of the twenty 
sides to flash its image across the 
three-foot screen is a little less than 
one-tenth of a second. What one really 
sees, therefore, is a succession of pic- 
tures, each representing the sound 
wave for a period of about a tenth of a 
second. The persistence of vision is 
long enough so that the curve is seen 
over the entire length of the screen, 
but not long enough to cause inter- 
ference between successive images. 

These oscilloscopes are used at the 
Exposition in association with two of 
the Bell System exhibits. One of them 
is employed to show some of the 
essential characteristics of speech and 
music. Typical speech sounds are 
listened to, and at the same time their 
wave form is watched on the oscillo- 
scope. High-pitched sounds show 
waves close together, and loud sounds 
result in waves of greater height. 
Filters of various types are also in- 
serted and their effect in cutting out 
certain of the frequencies is both seen 
and heard. 

The other oscilloscope is employed 
to illustrate the principle of carrier 
current systems. Since some of the 
carrier currents used for carrier teleph- 
ony are above the audible range of 
frequency, and thus could not be 
heard on a loud speaker, the multi- 
channel telegraph system is used for 
the demonstration. The principles in- 
volved are the same, however. Multi- 
channel telegraphy differs from carrier 
telephony chiefly in the value of the 
frequencies employed. 

With the system demonstrated, 
twelve telegraph messages are all 
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Fig. 2—The combined signal from twelve telegraph messages gives no indication of the 
type of message actually being transmitted 


transmitted at once over a single pair 
of wires. At the terminals of the line 
is apparatus for separating the mes- 
sages and routing each one to its 
proper receiver. This method is widely 
employed by the Bell System to give 
leased wire service for telegraph and 
teletype messages. To avoid the con- 
stant use of twelve senders and a 
valuable circuit between Chicago and 
some other large city during the dem- 
onstration at the Century of Progress 
Exposition, twelve simultaneous mes- 
sages were recorded on a phonograph 
record at Bell Telephone Labora- 
tories and this record is used for the 
demonstration. 

One of the messages is in Morse 
Code and another in the Continental 
Code which is used in radio teleg- 
raphy. Nine of the messages were sent 
from teletypewriters and are in the 
code of current impulses required to 
operate these machines. The twelfth 
message is devised to operate switches 
in the associated demonstration ap- 
paratus. 

Visitors to the exhibit can listen to 
the curious musical sounds which this 


medley of twelve messages produces 
on the loud speaker, but even the 
most experienced telegrapher can 
make no sense of them until the com- 
plex line current has gone into the 
terminal apparatus and the different 
messages have been separated. The 
appearance of the combined signal on 
the oscilloscope is shown in Figure 2. 
Visitors to the exhibit may also listen 
to one after another of the separate 
messages. When they are in Morse or 
Continental Code they may be easily 
read by a skilled telegrapher, but 
when they are in the teletype code, 
the sounds from the loud speaker 
have no meaning and the currents 
must go to a teletypewriter for in- 
terpretation. The appearance of 
such signals, before and after rectifi- 
cation, is shown in Figure 3. 
Although the principles involved in 
the construction of this large oscillo- 
scope were for the most part not new, 
a large amount of design and develop- 
ment was required to meet the re- 
quirements imposed by the unusual 
size of the image. The availability of 
such a piece of apparatus, however, 
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Fig. 3— Above: a short section of the carrier signal from a single teletype machine. 
The tone which this represents is heard by the audience. Below: the same signal 
after rectification; the pulses of direct current operate the telety pewriter 


will not only serve to clarify to the 
visitors to the Bell System exhibit 
many of the characteristics of speech 
and music but may later prove very 


useful in colleges and lecture halls 
where it is necessary to explain the 
characteristics of various vibratory 
phenomena. 
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Radio Telephone Communication with 


the Caribbean Countries 


OUNDED on the north by the 
Greater Antillean Islands of 
Cuba, Haiti, and Porto Rico, 

on the east by the Lesser Antilles, on 
the south by Venezuela and Colombia, 
and on the west by Central America, 
the blue waters of the Caribbean Sea 
are encircled by some of the richest 
lands of tropical America. From these 
countries the Great White Fleet of the 
United Fruit Company brings us the 
prolific produce of these equatorial 
regions. Nearly sixty million bunches 
of bananas alone were shipped in dur- 
ing the past year. To maintain better 
communication with its various ports 
of call, the United Fruit Company, at 
the beginning of this century, began 
to establish a series of radio telegraph 
links which were later placed under 


the control of its subsidiary, the 
Tropical Radio Telegraph Company. 

When it became evident that short- 
wave radio was likely to enable the 
Bell System to extend telephone cir- 
cuits overseas to distant countries, a 
comprehensive plan was drawn up by 
engineers of the American Telephone 
and Telegraph Company looking 
toward the establishment of direct 
telephone connections between the 
United States and each of the major 
areas of the world. The countries of 
the Caribbean comprise one of the 
regions included in this plan. There 
was in mind particularly the appro- 
priateness of connecting the Isthmus 
of Panama into the North American 
telephone network. As a result of the 
interest of both organizations in a 
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Caribbean communication system, a 
plan was drawn up for the joint de- 
velopment of the service. Somewhat 
later arose the opportunity of giving 
service to radio telephone stations 
which were about to be established in 
Venezuela and Colombia. The project 
which was formulated to meet these 
situations has now materialized as a 
radio telephone system linking the 
United States with the major Carib- 
bean countries and with the Bahama 
Islands, to the southeast of the 
Florida coast. 

The American terminal, operated 
by the American Telephone and Tele- 
graph Company, occupies space leased 
from the Tropical Radio Company 
just outside Miami, Florida. The trans- 
mitting station at Opa Locka is shown 
in Figure 1. Transmitting equipment, 
described elsewhere in this issue, con- 
sists of a transmitter operating at a 
frequency between 4 and 5 megacycles 
for communication with the Bahamas, 
and another transmitter operating at 
about 15 megacycles for communica- 


tion with the Caribbean countries, 
To minimize the amount of equip- 
ment required the system provides for 
the operation of only one link at a 
time; contact is made successively 
with each of the seven countries so 
that each receives a fair share of the 
daily operating time. The receiving 
station, shown in Figure 2, is at 
Hialeah, Florida. The building shown 
in Figure 3 houses the radio receivers 
and voice frequency control equip- 
ment also described in this issue. 
Service arrangements in the Carib- 
bean countries vary considerably. In 
Costa Rica, Guatemala, and Nica- 
ragua connection is established to only 
one pay station in each country. 
These stations are located in the 
cities of San Jose, Guatemala City, 
and Managua respectively, but those 
called may be summoned to the 
designated pay station over the lines 
of the local telephone systems. The 
equipment in Guatemala and Nica- 
ragua is owned by the Tropical Radio 
Telegraph Company, but in Costa 


Fig. 1— Radio transmitter building of the American Telephone and Telegraph 
Company at Opa Locka, Florida 


[ 366 ] 


a 
: ‘ 
_ 


Rica by the Compania Radiographica 
Internacional de Costa Rica. 

In Panama, where the equipment 
is also owned by the Tropical Radio 
Company, the facilities are available 
to all subscribers of the Compania 
Panamena de Telephonos and to all 
telephones of the United States gov- 
ernment in the Canal Zone. Service 
to these four Central American coun- 
tries is carried on at a single frequency 
but a separate frequency is allotted 
to Colombia and to Venezuela. In 
Colombia connections may be made 
with all telephones of the Compania 
Telephonica Central in the Depart- 
ments of Tolima Cundinamarca, 
Boyaca Valle del Canca, and Caldas. 
The facilities here are owned by both 
the Marconi Wireless Telephone Com- 
pany and the Bogota Telephone 


Company. In Venezuela connections 


may be made to practically all of the 
telephones of the Compania Anomina 
Nacional Telephonos de Venezuela, 
the facilities being owned by this 
company and by the Venezuelan 
government. In the Bahamas, where 
the equipment is owned by the Ba- 
hamas government, service is avail- 
able only at three special pay sta- 
tions. At the North American end the 
service includes all telephones of the 
Bell System in the United States, and 
telephones in Canada, Mexico, and 
Cuba which connect with the Bell 
System. 

All apparatus and equipment for 
the new service was designed by Bell 
Laboratories and furnished by the 
Western Electric Company, except in 
Venezuela and Colombia, although 
the latter country is using Western 
Electric voice-frequency control equip- 


Fig. 2— At Hialeah, five miles from Miami, is the radio receiving station with 
its rhombic receiving antennas 
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Fig. 3— Radio receiver building of the American Telephone and Telegraph 
Company at Hialeah 


ment. Service to the different coun- 
tries has been established as soon as 
the apparatus was installed and 
proper arrangements made. The Ba- 
hama circuit was opened on Decem- 
ber 16, 1932, that with Venezuela on 
December 18, with Colombia on 
December 20, with Panama on Feb- 
ruary 24, 1933, with Costa Rica on 
March 20, with Guatemala on April 


17, and with Nicaragua on June 7. 
In the accompanying articles the 
major features of the transmitters, of 
the receivers, and of the voice fre- 
quency control equipment are de- 
scribed and illustrated. The appa- 
ratus is of the most modern design 
and incorporates all the features 
which are essential to high grade 
radio telephone communication. 
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News and Pictures of the Month 


CARRIER ON CABLE 


Morristown, New Jersey, has recently 
been the scene of tests which have for the 
first time proved it feasible to apply the 
principle of carrier telephony to telephone 
circuits contained in long underground 
cables*. By the use of standard carrier 
telephone technique and certain newly 
designed pieces of apparatus, it has been 
found possible to communicate satis- 
factorily with carrier frequencies as high 
as 40 k.c. under the severe conditions im- 
posed by the close proximity and high 
attenuation of underground cable circuits. 

For these experiments a 25-mile length 
of underground cable was installed in the 
regular ducts on the New York-Chicago 
route in such a manner that both ends 
terminated in the long lines repeater 
station at Morristown. It contained 68 
non-loaded pairs of No. 16 AWG con- 
ductors, which were connected together 
at 25-mile intervals through repeaters at 
Morristown to form an 850-mile 4-wire 
circuit. Transmission over all loops in the 
circuit went in the same direction. Half 
the loops were connected in tandem to 
simulate one direction of transmission 
over a long circuit, and the other half 
simulated the other direction. 

From this circuit nine carrier-telephone 
circuits were derived, using the same 
frequencies, between four and forty k.c., 
for transmission in both directions. In 
present-day practice different frequency 
ranges are used for transmission in the 
two directions; but, except for this dif- 
ference, the tests used the same funda- 
mental principles as those employed in 
practical carrier telephony, including the 
single sideband method of transmission 


*A more detailed account of these tests was given 
by B. W. Kendall of the Laboratories and A. B. 
Clark of the A. T. & T. Co. in Electrical Engineering 


for July 1933, p. 477. 
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with the carrier suppressed. The tests 
with this equipment laid emphasis on the 
two most important problems of cable 
carrier transmission: keeping the circuits 
electrically separated from one another, 
to prevent troublesome crosstalk, and 
maintaining stable transmission. 

Careful crosstalk tests demonstrated 

that, by placing east-going and west- 
going circuits in different cables, the 
necessary degree of separation could be 
obtained, even though the two cables were 
in adjacent ducts. Tests on short lengths 
of cable indicated that adequate sepa- 
ration could probably be secured in a 
single cable, divided into two compart- 
ments by means of a suitable shield, 
such as a barrier of alternate layers of 
copper and iron tapes. 
- To reduce crosstalk between circuits 
transmitting in the same direction, the 
circuits were sandwiched between quads 
of No. 19 AWG conductors, which acted 
as partial shields and which in a practical 
installation could be used as_ voice- 
frequency circuits at the same time. As 
an additional measure, compensating un- 
balances were introduced in the middle of 
each 25-mile section, so effectively that 
the shielding quads could probably be 
dispensed with. 

The average attenuation, to be over- 
come by amplification, in the 850-mile 
circuit was about 1300 db. A circuit was 
actually set up and tested consisting of 
nine of the carrier links in tandem, giving 
7,650 miles of two-way telephone circuit 
whose total attenuation without ampli- 
fiers was about 12,000 db, and thus re- 
quired on an energy basis the huge 
amplification of 10'” times. 

Balancing this huge amplification 
against the correspondingly huge loss, to 
the required precision of one or two db, is 


form of amplifier employing the principle 
of negative feedback has been invented by 
H. S. Black, and by making use of this 
principle amplifiers were produced for 
this job giving an amplification of 50-60 
db, which did not change more thano.o1 db 
with normal battery and tube variations. 
This stability would be ample even on a 
circuit 4,000 miles long where there 
would be 160 amplifiers in tandem if they 
were spaced twenty-five miles apart. 

Variations in the attenuation of the 
circuit due to changes in temperature and 
the like were compensated by variable 
attenuators controlled by a pilot wire. 
The amplifications were kept small 
enough and the levels high enough so 
that tube and resistance noises were not 
important factors. 

Using the means described, no diffi- 
culty was experienced in setting up the 
850-mile four-wire circuit with the neces- 
sary constancy of transmission loss at 
different frequencies, even though the 
equalizer arrangements presented intri- 
cate and difficult problems of design. 
Each carrier circuit was designed to yield 
a voice-frequency band at least 2,500 
cycles wide, and this liberal frequency 
band, and the very satisfactory linearity 
of transmission over the entire system, 
gave an excellent quality of transmission. 
Even when quality impairment was exag- 
gerated by connecting the nine carrier 
circuits in tandem, transmission over the 
resulting 7,650-mile two-wire circuit was 
very satisfactory. 

Under the present economic conditions 
there is no immediate demand for the 
installation of systems of this type. Con- 
sequently development work is being 
pursued further before preparing a system 
for commercial use, and the final embodi- 
ments of the cable carrier system will 
probably differ widely from the system 
used in the tests. Since the transmission 
performance of the experimental system 
was so completely satisfactory, emphasis 
is now being directed toward producing 
more economical systems which will be 
applicable to shorter circuits. Preliminary 


indications from this work are that some 
form of cable carrier system will ulti- 
mately find important application on 
circuits measured in tens rather than 
hundreds of miles. 


ADMINISTRATION 


ON THE AFTERNOON of June 30, Dr, 
Jewett addressed the Chicago meeting of 
the Society for the Promotion of Engi- 
neering Education on New Opportunities 
for Technical and Engineering Graduates. 
That evening he spoke before the Econo- 
metric Society, A.S.M.E., A.S.T.M. and 
A.I.E.E., meeting jointly, on Some Funda- 
mental Problems of the Engineer. On July 
25 Dr. Jewett talked to high school 
mathematics and science teachers attend- 
ing summer sessions at Teachers College, 
Columbia, on what business expects of 
the engineering school graduate. 


R. L. Jones was chairman of one 
luncheon meeting of a series organized by 
the National Alliance of Art and In- 
dustry to discuss the importance of design 
in industry. 


THE THIRTY years of service in the Bell 
System which Sergius P. Grace, Assistant 
Vice President, completed on the first of 
last month covers a remarkably wide 
range both in types of work and in geo- 
graphical locations. The demonstration 
lectures for which he has become so well 
known in recent years have taken him in 
many cases to cities whose telephone 
plants he helped to build and where he 
has been welcomed not only as a dis- 
tinguished visitor but as an old friend and 
business associate. 

Graduating in 1896 as an Electrical 
Engineer from the University of Michigan 
he worked first for the Detroit Telephone 
Company, making important technical 
contributions to its problem of corrosion 
in underground cable sheaths. A few years 
later he was Chief Engineer and Operating 
Manager of the People’s Independent 
Telephone Company of New Orleans, 
where one of the difficult problems he 
successfully attacked was the construc- 
tion of underground telephone plant 
below the level of the Mississippi river. 
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In 1901 he was Equipment Engineer 
concerned with Bell System problems of 
switchboard design. A year later he joined 
the General Engineering staff of the 
American Telephone and Telegraph Com- 
pany whose headquarters were then in 
Boston. His next position was in Pitts- 
burgh as Chief Engineer of the Central 
District Telephone Company, which was 


S. P. Grace in the Headquarters Office of the 
Bell System at A Century of Progress 


later merged with the Bell Telephone 
Company of Pennsylvania. From 1908 to 
1913 he was General Superintendent of 
Plant of the Central District Company. 

These were the years when local tele- 
phone lines were being changed from 
open wire to aerial cable. Among the de- 
velopments of that period, which he per- 
sonally contributed, was the design of the 
No. 14 cable terminal which was to re- 
main a standard in the Bell System prac- 
tically without modification for the next 
quarter of a century. 

From 1913 to 1915 there was an inter- 
ruption to the continuity of his Bell 


System service while he acted as Chief 
Telephone Engineer to the Public Service 
Commission of the State of New York. 
For the next five years he was Assistant 
Chief Engineer of the New York Tele- 
phone Company and then returned to the 
Bell System headquarters, where for a 
time he was Engineer on Foreign Wire 
Relations in the American Telephone and 
Telegraph Company. In 1924 he trans- 
ferred to the laboratory unit of the 
System and became Commercial Develop- 
ment Engineer in the Western Electric 
Company to handle the exploitation of 
some of the important by-products of the 
Laboratories’ researches. In 1928 he was 
made Assistant Vice President in Bell 
Telephone Laboratories. 

Mr. Grace has been honored by the 
degree of Doctor of Engineering from the 
University of Michigan and that of 
Doctor of Laws from Notre Dame. 


RESEARCH 


H. B. Exy visited Washington during 
the second week in June, to discuss tele- 
phone equipment for the Army. 


Amonc those who attended the meeting 
of the American Society for Testing Ma- 
terials, held at Chicago in June, were 
E. E. Schumacher, B. L. Clark, C. L. 
Hippensteel and H. G. Arlt. 


H. Fietcuer, J. B. Ketty and E. G. 
SHOWER attended the International Con- 
gress of Teachers of the Deaf, held at the 
New Jersey School for the Deaf at Trenton. 
Dr. Fletcher showed motion pictures of 
the audiphone and the artificial larynx. 

THE ANNUAL convention of the Insti- 
tute of Radio Engineers, held in Chicago 
during the third week in June, was at- 
tended by W. Wilson, and by three other 
members of the Radio group, who read 
papers. J. G. Chaffee described the 
Determination of Dielectric Properties at 
Very High Frequencies; K. G. Jansky 
spoke on Electrical Disturbances of Extra- 
terrestrial Origin; and W. M. Sharpless 
read a paper written in collaboration 
with H. T. Friis and C. B. Feldman, en- 
titled Determination of the Direction of 
Arrival of Short Radio Waves. 
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To aTTEND the meeting of the American 
Physical Society during the third week in 
June, O. E. Buckley, K. K. Darrow, 
C. J. Davisson and J. A. Becker went to 
Chicago. 

A joInT meeting of the Econometric 
Society, the A.I.E.E., A.S.M.E. and 
A.S.T.M. in Chicago was addressed by 
T. C. Fry on The Mathematical Theory of 
Rational Inference. 

D. G. BLatrner completed twenty 
years of service in the Bell System on the 
twenty-eighth of last month. 


SYSTEMS DEVELOPMENT 


P. L. Wricut was in Chicago where he 
discussed, with the Automatic Electric 
Company’s engineers, dialing tie lines for 
use by railroad companies. 

R. R. Anpres made trips to Philadel- 
phia, Washington and _ intermediate 
points, to remove special equipment 
which was installed for the demonstra- 
tion of the reproduction of music in 
auditory perspective. 

H. M. Spicer was in New Haven and 
Bristol, Connecticut, to observe ringing 
transfer switches. 

C. W. Lucexk visited Worcester, Massa- 
chusetts, and Portland, Maine, in con- 
nection with teletypewriter switchboard 
service. 

F. T. Meyer completed twenty years 
of service in the Bell System on the third 
of last month. 

B. W. KENDALL attended the summer 
convention of the A.I.E.E., to read a 
paper on Carrier in Cable, written jointly 
with A. B. Clark of the A. T. & T. 
Company. 

Water E. Viot, who completed a 
quarter century of service in the Bell 
System on the sixth of last month, joined 
the Western Electric Company in 1908 
immediately after receiving the degree of 
B.S. in E.E. from Purdue University. 
Six months’ study of power equipment in 
the students’ course at Hawthorne led him 
into the Power Apparatus Engineering 
Department. In 1909 his services were 
loaned to the General Electric Company, 
to which the manufacture of power appa- 


ratus was transferred, and for a year he 
was at Lynn, Mass., concerning himself 
with telephone power machines, charging 
generators, and ringing machines. On his 
return to Hawthorne he joined the Tele. 
phone Equipment Engineering Depart- 
ment, where he remained until he came to 
New York except for a five-year period 
during which the Standardization De- 
partment claimed his experience with 
power equipment. He came to West 
Street in 1919 for step-by-step engineer- 
ing and participated in the development 
of the first dial central offices of this type 


W. E. Viol 


that were standardized for the Bell 
System. In 1922 he transferred to local 
systems circuit development work, be- 
coming head of the testing group in the 
local circuit laboratories, and a year 
later he took charge of the groups de- 
voted to relay design, installation and 
maintenance requirements, and methods 
of operation. Six years ago he assumed 
his present position of Local Systems Test 
Engineer, where he has had a part in the 
major local systems developments of 
recent times, such as the decoder-type 
panel system and the panel tandem sys- 
tem. 

CHARLES BorGMANN, who completed 
thirty years of service in the Bell System 
on June 12, was born and educated in 
Norway. After his graduation he took 
what he thought would be a short educa- 
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tional trip to the United States but which 
actually led to his entering the telephone 
field. In 1903 he came to the Clinton 
Street Shops of the Western Electric 
Company as a draftsman, and three years 
later became a drafting supervisor. The 
following year he transferred to the In- 
stallation Department. Two years of 
handling jobs engineered on the site of 
installation gave him engineering ex- 
perience which led to his transfer to the 
Engineering Department at Hawthorne. 
There he was associated principally with 
power, toll, and P.B.X. equipment de- 
velopment, and for several years was 
head instructor in the telephone courses 
given by the Hawthorne Club evening 
schools. In 1919 Mr. Borgmann came to 
West Street where he has since had charge 
of manual equipment development. This 
wide experience with telephone equip- 
ment led to the choice of him as one of the 


C. W. Borgmann 


five engineers sent to Europe in 1930 to 
study progress in the communication art 
abroad. 

On June 23 Frank H. Graham com- 
pleted a quarter of a century in the service 
of the Western Electric Company and the 
Laboratories. Mr. Graham went directly 
from the University of Kentucky to the 
manufacturing organization, entering the 
power machinery division. A year later 
the Western Electric Company discén- 


tinued the manufacture of power ma- 
chinery, and Mr. Graham moved to the 
telephone division, where after two and a 


F. H. Graham 


half years in the Manufacturing, Installa- 
tion and Merchandise Departments he 
joined the engineering organization. In 
1917 he came to New York with several 
others to study the equipment phases of 
the panel dial system then being intro- 
duced into the metropolitan area. He has 
since been engaged in the design of central 
office equipment for the panel dial system 
and for other systems, both in use and 
proposed. In the Equipment Develop- 
ment group he is at present concerned 
with work relating to the development of 
new dial systems. 

ON THE TWENTY-SECOND of June, 
Stephen J. Guss completed twenty-five 
years of service with the Western Electric 
Company and the Laboratories. Mr. Guss 
came to West Street in 1907 and engaged 
in the manufacture of special equipment 
for the government. Later he became 
associated with the Screw Machine De- 
partment. After a short interruption of 
service, he returned, to enter the wiring 
division of the Building and Maintenance 
Department, where he subsequently had 
charge of rewinding the armatures of 
electrical machinery. In the power plant 
he took part in the rewinding of some of 
the large generators. Subsequent transfer 
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to the Systems Development Department 
brought him into his present activities in 


S. F. Guss 


connection with panel and step-by-step 
dial systems in the local systems labora- 
tories. 


PLANT 


On Jury 15 Mrs. Lizzie Carton, a 
matron since 1924, and previously asso- 
ciated with the restaurant, retired from 
active service. On the eve of her de- 
parture, her many friends presented her 
with flowers and a pin in token of re- 
membrance. 

AFTER twenty-three years of service as 
an instrument maker for the Western 
Electric Company and the Laboratories, 
P. Kohnert retired on the fifteenth of last 
month. 

Georce F. Morrison, Plant Super- 
intendent, who completed thirty years of 
service in the Bell System on the nine- 
teenth of last month, had an early but 
brief association with the telephone in the 
summer of 1892, when he assisted the 
Hudson River Division of the New York 
Telephone Company in erecting a part of 
the first line between New York and 
Chicago. It was not until ten years later 
that he became permanently connected 
with the Bell System, as Superintendent 
and Engineer of the Western Electric 
Company’s Thames Street building. Five 
years later the company sold the build- 


ing, and Mr. Morrison came to West 
Street as chief of the power plant. Here 
as power engineer and later as superin. 
tendent, Mr. Morrison has been inti. 
mately concerned with the many phys- 
ical changes that have since taken place. 
When the erection of the radio stations at 
Deal Beach and Green Harbor was under- 
taken, he took charge of the layout of the 


G. F. Morrison 


grounds and much of the construction. 
He assisted in moving the Manufacturing 
Department from New York to Chicago 
and in turning the manufacturing space 
into a warehouse. Throughout the subse- 
quent growth of the Laboratories Mr. 
Morrison has taken an active part in con- 
verting the building step by step. 


APPARATUS DEVELOPMENT 


C. E. Nexson spent two weeks in 
Newark, participating in a test of im- 
proved step-by-step bank contacts on the 
official P.B.X. 

J. M. Witson and C. H. WHEELER 
made an inspection of fire extinguishers 
on June gth at the repeater station at 
West Haven, Connecticut. Mr. Wheeler 
later accompanied B. O. Templeton to 
Hawthorne for a discussion of problems 
in the manufacture of pay station ap- 
paratus. 

I. V. Witttams, in company with Mr. 
McDavitt of the D. & R. Department of 
the A. T. & T. Company, went to Albany 
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Mrs. Lizzie Carton receiving a pin from some of her admirers at the time of her retirement 


to observe lubrication of step-by-step 
switches. 

H. C. Atkinson visited the Signal 
Corps Laboratories at Fort Monmouth, 
New Jersey, to inspect radio transmitting 
and receiving equipment used by the 
U. S. Army. 

F. H. Hewirr visited Hawthorne in 
connection with developments of new dial 
systems. 

W. H. S. Youry attended a survey 
conference on first aid materials in the 
offices of the Mine Safety Appliances 
Company, Pittsburgh. 

F. F. Farnswortu was in New Haven 
and Boston in connection with the study 
of painting methods for motor vehicles. 

H. Bartiarp, during the month of 
June, visited Atlantic City for two days 
to observe a field trial of a new type of 
cable plug. 

E. St. Joun took a trip to Philadelphia 
and observed a new method of packing 
aerial cable rings. 


AMONG THE papers read at the summer 
convention of the A.I.E.E. were Classifi- 
cation of Bridge Methods of Measuring 
Impedances by J. G. Ferguson, and Pre- 
cision Timing of Athletic and Other Sport- 
ing Events written by H. M. Stoller 
jointly with C. H. Fetter of E.R.P.I. 

AT A MEETING of the Engineering Sec- 
tion of the National Association of Broad- 
casters in Chicago, E. L. Nelson talked on 
the need for systems standards in broad- 
casting, and C. B. Aiken on the synchro- 
nization of broadcasting stations. 

J. V. KEtty completed twenty years of 
service in the Bell System on July 7. 

On Jury 17, C. R. Young retired from 
active service, after a telephone career of 
thirty-three years, described in the Rec- 
orD for August, 1930, p. 611, on the occa- 
sion of his thirtieth service anniversary. A 
dinner in his honor was tendered him at 
the London Terrace Grill by about 
seventy of his associates shortly before 
his retirement. 
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PATENT 


I. MacDona.p, H. A. FLAMMER and 
O. E. Rasmussen attended hearings be- 
fore the Examiner of Interferences in 
Washington. C. A. Sprague and E. V. 
Griggs were also in Washington in con- 
nection with patent matters. 


W.C. Kiesel 


Wa C. completed twenty- 
five years of service in the Bell System on 
June 9. Mr. Kiesel was first associated 
with the Chicago Telephone Company in 
1908 after receiving the M.E. degree from 
the University of Kentucky. After a year 
in the Traffic Engineering Department he 
joined the Equipment Engineering De- 
partment of the Western Electric Com- 
pany, receiving at about the time of his 
transfer the degree of E.E. from Ken- 
tucky. For three years he was engaged at 
Hawthorne in engineering central office 
equipment, and in 1912 he went to 
Vienna, Austria, to become Chief Engi- 
neer of the Vereinigte Telephon und 
Telegraphen Fabriks, than an affiliate of 
the Western Electric Company. On re- 
turning to the United States in 1917, he 
entered the Patent Department, but his 
work was shortly interrupted by service 
in France with the Signal Corps. He re- 
turned to reenter the Patent Department, 
and to attend the evening classes of the 
New York Law School from which he 
received the LL.B. degree. Mr. Kiesel 


now handles patent matters relating to 


vacuum tubes, subscriber’s station appa- 
ratus and loud speakers. He is a member 
of the New York Bar and has been ad- 
mitted to practice in the Federal Courts. 


GENERAL SERVICE 


ON THE FIFTEENTH of last month Lee R. 
Laird completed thirty years of service 
with the Western Electric Company and 
the Laboratories. In 1903 Mr. Laird 
joined the Western Electric Company at 
Clinton Street, and after completing the 
student course went to Detroit for the 
Installation Department. Later the in- 
stallation of the Riverside exchange 
brought him to New York, and when that 
job was completed he came to the Engi- 
neering Department at West Street. 
Here for about a year he engaged in 
writing switchboard specifications, and 
for some time thereafter in editing the 
orders placed by the Engineering Depart- 
ment on the Manufacturing Department. 
When he transferred to the Stores De- 


L. R. Laird 


partment, it was similarly to edit the 
orders placed by that department on the 
shops in order to supply the New York 
and the New England Telephone Com- 
panies. His return to West Street brought 
him into the newly formed Information 
Department where he took part in the in- 
vestigation of non-associate apparatus. 
For the last three years he has had charge 
of the models and samples handled by 


the General Service Department. 
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Voice Frequency Control ‘Terminals 


for Caribbean Radio Systems 


By W. A. MacMASTER 
Equipment Development 


ONG distance radio telephone 
services available to telephone 
users in the United States rep- 

resent the utmost in quality and de- 
pendability that constant research 
and development has been able to 
produce in this branch of communica- 
tion. One of the many factors con- 
tributing to the reliability of this Bell 
System service is the introduction of a 
control terminal in the voice frequency 
portion of the circuit between the 


talker’s telephone set and the radio 
apparatus. The primary purpose of 
this apparatus—as of many special 
features included in the radio fre- 
quency equipment—is to attain the 
optimum ratio of useful signal to 
noise unavoidably introduced by radio 
transmission. Its purpose is accom- 
plished chiefly by means of speech 
volume regulation in the two one- 
way circuits which pass through it— 
one outgoing to the radio transmitter 
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Fig. 1—Main B2 control bay at the left 
and an auxiliary bay, required only for 
some installations, on the right 


and one incoming from the radio re- 
ceiver. Voice frequency regulation in 
the transmitting path insures that 
there will be delivered to the radio 
transmitter at all times the particular 
constant speech volume which brings 
about a maximum speech energy 
content in the transmitted radio fre- 
quency carrier. Assuming constant 
output from the radio receiver, voice 
frequency receiving path regulation 
permits adjustment of received vol- 
ume to the optimum value for dif- 
ferentiation between speech and noise. 

The requirements placed on voice 
frequency control equipment and the 


apparatus it incorporates vary greatly 
with the type of facilities with which 
the unit is to be associated. In all 
cases the control terminal includes a 
voice frequency amplifier and asso- 
ciated manually variable attenuating 
networks in the transmitting path to 
compensate for differences in talker 
volume and wire line losses, and 
auxiliary facilities to enable the ter- 
minal attendant to observe speech 
volumes and to monitor and talk on 
all connections. However, a terminal 
including only these facilities is suit- 
able for use only where connection 
to the radio channel is limited to 
special four-wire subscriber sets. When 
the radio circuit is to be switched to 
the subscribers of a telephone system 
over land lines of widely varied 
lengths and types, the control termi- 
nal must also include a device which 
will prevent “singing” loops and the 
reradiation of received speech, which 
might arise from land line echoes and 
imperfect balances at hybrid coils. 
Such a device is known as a vodas, 
and has already been described in 
the Recorp*. Receiving path volume 
control is always included in terminals 
of the latter type and may be in- 
cluded in the more simple type or in- 
corporated in the associated radio 
receiver. Both of the above funda- 
mental types of control terminal 
may or may not include maintenance 
facilities and line terminating equip- 
ment, depending upon local require- 
ments and the relative locations of 
subscribers’ stations or switchboard, 
terminal, and radio apparatus. 

An example of highly complicated 
voice frequency control equipment 
intended to be associated with a tele- 
phone switchboard is the type A 
Control Terminal} used at New York 

*Recorp, November, 1927, p. 80. 

tRecorp, September, 1929, p. 15. 
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and San Francisco on transoceanic 
channels to Europe, South America 
and the Orient. This terminal consists 
of from six to eight relay rack bays 
per channel, and is designed to meet 
conditions where the radio apparatus 
is at some distance from the terminal, 
and to include all facilities required 
for the maintenance of highly im- 
portant long distance radio channels. 

The control terminal designed for 
use on shipboard* to handle ship-to- 
shore traffic is typical of the terminals 
which may be classed at the other ex- 
treme of voice frequency control 
equipment. Here the small number of 
subscriber stations to be served, all of 
which are of a special four-wire type 
and hence eliminate the need for a 
vodas equipped control unit, the 
shorter length of the radio link, and 
the relatively close proximity of sub- 
scriber stations, control terminal, and 
radio apparatus, permit of a very 
simple single-bay terminal. 

Between these two extremes is the 
voice control equipment designed for 
the shore terminal of a harbor craft 
radio service which has already been 
described in the Recorpf. Although 
the desired functions of this equip- 
ment are essentially the same as 
those of the type A terminal, less 
rigid requirements as to flexibility 
and performance, the shorter length 
of the radio path and the smaller 
amount of traffic anticipated per- 
mitted of a much simpler design which 
is known as the Br Control Terminal. 

Within a year after the first Br 
terminal was installed, inquiries were 
received for equipment suitable for 
operation on several proposed point- 
to-point radio telephone channels be- 
tween the United States and countries 
bordering the Caribbean Sea. The 


*REcoRD, Fanuary, 1930, p. 204. 
tRecorp, November, 1932, p. 62. 


general features of these projects, 
described elsewhere in this issue of 
the Recorp, indicated that control 
terminal facilities of the two general 
types—that is, with and without a 
vodas—would be required. 

Because of the diversity of local 
requirements, facilities in general 
similar to those provided by the type 
A equipment seemed necessary at 
those points where the new circuits 
were to tie into the local telephone 
system. The limited traffic expected, 
however, made the cost of the type A 
equipment prohibitive, and although 
the radio distances involved are not 
great compared to the trans-atlantic 
and trans-pacific circuits, the facilities 
of the Bi terminal were not adequate. 
Development, therefore, was under- 
taken of a new voice frequency con- 
trol unit which is known as the B2 
Control Terminal. 

The new equipment will serve not 
only for those points of the Carib- 
bean projects where connections are 
to be made to the local telephone 
system, but for any short haul point- 
to-point service, and also for the 
shore stations of harbor systems 
where similar requirements are to be 
met. Sufficient flexibility has been in- 
corporated in the design to allow its 
many possible adaptations to local 
conditions to be made without addi- 
tional engineering. Exclusive of pri- 
vacy equipment, and except for cer- 
tain non-associate installations where 
an auxiliary bay containing supple- 
mentary facilities is required, the 
terminal consists of only one seven- 
foot bay (Figure 1). 

In addition to the amplifiers, at- 
tenuators, and the vodas, the main 
control unit includes a rectifier type 
ac voltmeter for indicating speech 
levels, a signalling oscillator for mak- 
ing simple routine tests, and facilities 
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for enabling the technical operator to 
monitor and talk on the radio circuit, 
and to signal and talk to the switch- 
board operator. Suitable line repeat- 
ing coils for the two two-wire circuits 
to the radio apparatus are provided, 
and on connections to the switchboard 
either a two-wire or four-wire circuit 
may be used depending on conditions, 
and either a hybrid coil or phantom 
repeating coils accordingly provided. 
A by-pass pad with cut-out key per- 
mits inter-craft communication under 
control of the technical and switch- 
board operators when the terminal is 
used for ship-to-shore service. Twenty- 
four, and one hundred and thirty volt 
filament and plate power is obtained 
from a double voltage motor-generator 
equipped with suitable filters and 
designed to operate from commercial 
ac power supplies. 

The control functions of the B2 
control unit, a simplified schematic of 
which is shown in Figure 2, are identi- 
cal with those of the Br equipment 
used for harbor craft service and al- 
ready referred to. Sufficient flexibility 
has been incorporated, however, to 
enable it to be connected to a switch- 
board regardless of whether the latter 
is equipped with terminal repeaters, 
and also to allow it to be located near 
the switchboard and connected to re- 
mote radio apparatus, or near the 
radio receiver and connected to a 
remote switchboard. Depending on 
existing conditions various pieces of 
apparatus may be included in the cir- 
cult or omitted from it as required. 
These are indicated on the diagram 
by alternative connections around 
various units of the equipment. 

The several units of the B2 control 
terminal are assembled in a floor-sup- 
ported steel cabinet instead of on the 
customary channel-iron relay rack 
framework, and, insofar as possible, 


Fig. 3—Simplified voice frequency control 
unit where connection is required only to 
4-wire subsets 


all front mounted apparatus has been 
placed under common covers. This 
departure from standard practice was 
made so that the control terminal 
might harmonize well with the radio 
receiver with which it will usually be 
closely associated physically. Access 
to the wiring is gained through a door 
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in the rear of the containing cabinet. 

In addition to the B2 Control Ter- 
minal, another control unit, even more 
simple and compact than the ship 
control terminal, has been designed 
for those points where connections are 
to be restricted to a few special four- 
wire subscriber sets. 

This simple “four-wire” control 
terminal, shown in Figure 3, while 
designed primarily for the Tropical 
Radio Company, is suitable for use on 
shipboard or elsewhere where connec- 
tions are to be restricted to one or 
more special four-wire subscriber sets. 
These terminals are of particular in- 
terest from the standpoints of size 
and simplicity of operation and main- 
tenance. The equipment, which con- 
sists of an ac operated voice frequency 
amplifier, a self-contained dry cell 
battery supply for the microphone of 
the attendant’s telephone set, and the 
customary facilities to enable the 


terminal attendant to observe and 
adjust speech volumes, monitor and 
talk on all connections, and signal the 
local four-wire stations, occupies only 
31% inches of bay space. The ampli- 
fier, control, and battery supply units 
are mounted in a seven-foot steel 
cabinet similar to that used for the Bo 
Terminal, and the remaining space 
either filled up with blank steel panels, 
or used to mount an associated radio 
receiver as shown in Figure 3. 

The only “‘operating”’ of the simple 
control terminal required during the 
progress of a call consists of an oc- 
casional adjustment of the variable 
attenuator associated with the voice 
frequency amplifier to keep the vol- 
ume of transmitted speech at the 
predetermined value required to fully 
load the radio transmitter. All ad- 
justments of received speech volume 
are made in the associated radio 
receiver. 


Low-power radio-frequency equipment for Caribbean transmitter (see page 381) 
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The 13A—A Radio Receiver for 
Diversified Uses 


By H. T. BUDENBOM 
Radio Development 


RECENT request from the 
Tropical RadioTelegraphCom- 
pany for radio telephone equip- 

ment to supplement their telegraph 
links with the Caribbean countries, 
calling for apparatus somewhat wider 
in scope than existing equipment, has 
hastened the development of the most 
recent addition to the Western Elec- 
tric line of radio receivers. It is known 
as the 13A. Like the 11A aviation 
ground station receiver, the new 
model is a sensitive superheterodyne, 
operating from the usual 110 to 120 
volt supply system at any frequency 
from 50 to 60 cycles. It incorporates 
continuously variable tuning, and 
covers the frequency range from 2.2 
to 25 megacycles. This range in- 
cludes all the frequencies above the 
broadcast band now used commer- 
cially for medium and long range 
radio communication, except a nar- 
row band—from 1.5 to 2.2 megacy- 
cles—just above the highest broadcast 
assignment. 

The purchaser of a 13A radio re- 
ceiver acquires a suitable number of 
individual panels mounted in a seven- 
foot cabinet. The number of panels 
supplied will in most cases be less than 
the total number available but will be 
adequate to render the particular 
service desired. By suitable choice of 
units either telephone or telegraph 
facilities or both are available at any 
frequency within the total range 


covered. The standard interpanel 
wiring, however, will take care of any 


DISTANT ANTENNA LOCAL ANTENNA 
NO.7 TYPE NO.254A ANTENNA 
TUNING UNIT TUNING PANEL 
y CONCENTRIC 
TRANSMISSION 
LINE 


NO. 255A PATCHING 
PANEL 


NO.83A,B,OR C RADIO 
FREQUENCY AMPLIFIER 


NO.84A INTERMEDIATE 
FREQUENCY AMPLIFIER 


NO.256A HETERODYNE 
OSCILLATOR PANEL 


| 


HEAD TELEPHONES 
FOR TELEGRAPH 


NO.85A AUDIO FREQUENCY 
AMPLIFIER AND POWER SUPPLY 


RECEIVER DISABLING 
RCUIT- 


OF 


L 


THROUGH VOICE FREQUENCY 
TERMINAL PANEL, IF USED, 
TO LINE, OR LOUDSPEAKER 


cl 
ASSOCIATED TRANSMITTER 


Fig. 1—Block schematic of the various 
units comprising the 134 radio receiver 
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combination of panels ordered so 
that the customer may add to his 
receiver at any time. 

The units available and their func- 
tions are indicated in Figure 1. In 
general there may be: one or more 


Fig. 2—Front view of the 13A receiver 
cabinet for the Tropical Radio project 
showing, from top to bottom, an 83B radio 
frequency amplifier, an 84A intermediate 
frequency amplifier, an 83A radio fre- 
quency amplifier, and—at the bottom—an 
854 voice frequency amplifier and power 


supply 


antenna tuning units or an antenna 
tuning panel, depending on the num. 
ber, type, and disposition of antennas 
employed; an antenna patching panel 
to permit the radio frequency panels 
to be connected to the different an. 
tennas as required for directional 
reception; one, two, or three radio 
frequency amplifiers, depending on the 
frequencies to be received; an inter- 
mediate frequency amplifier and de- 
tector; and an audio-frequency ampli- 
fier, which incorporates the power 
supply. In addition, a heterodyne 
oscillator panel is available for 
continuous-wave telegraph reception. 
Of these all but the antenna tuning 
units are mounted in a metal cabinet 
as shown in Figure 2. 

Three radio frequency amplifiers 
are provided to cover the entire 
frequency range. These are known as 
83 type amplifiers with letters suf- 
fixed to the type number to indicate 
the frequency range. Thus the 83A 
covers the band from 12 to 25 mega- 
cycles, the 83B, from 6 to 13.2, and 
the 83C, from 2.2 to 6.2. All three are 
of similar design, and feature single 
control gang tuning of three tuned 
circuits ahead of the amplifier stage, 
two tuned circuits between amplifier 
and modulator stages, and the beating 
oscillator. The six condensers oper- 
ated from the single control are shown 
in Figure 3, which shows the rear of 
the panel with lid removed. When 
three tuned circuits ahead of the 
amplifier are not required for ade- 
quate selectivity, one or more may be 
cut out by a strap and bus arrange- 
ment. A slow motion condenser drive, 
with a 2700 division double dial, pro- 
vides an average frequency increment 
of only about 5 kilocycles per division, 
even for the highest frequency ampli- 
fier. All the radio frequency ampli- 
fiers terminate in intermediate fre- 
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signal, such as those 
from the local trans- 
mitter where constant- 
carrier transmission is 
used. Unusually small 
frequency and antenna 
distance separations 
are thus feasible with 
this receiver. 

The provision of a 
complete radio  fre- 
quency panel for each 
frequency range ad- 
mittedly adds to the 
cost of the receiver 


Fig. 3—Rear view of 83B amplifier with rear lid removed compared to a plug-in 


quency output circuits, which step 
down to a very low impedance, and 
the outputs of all the radio frequency 
amplifiers employed are connected in 
series with the input circuit of the 
intermediate frequency amplifier. 
Inductances of the coils of the 83A 
amplifier are given their factory ad- 
justment in a novel manner. The coils 
are of copper tubing supported only 
at their ends and under slight tension. 
The inductance is changed by in- 
creasing or decreasing this tension, 
which slightly pulls out the turns or 
allows them to come closer together. 
A variable-mu pentode is 
used for the modulator, and 


coil or selector switch 
arrangement. Together with the fea- 
ture of connecting the outputs of the 
radio frequency amplifier in series with 
the input of theintermediate frequency 
amplifier, however, it eliminates series 
contacts in the low impedance circuits, 
which would be present with plug-in 
coils, and which would be very un- 
desirable in the corrosive atmosphere 
of the tropics or on_ shipboard. 
Furthermore, it facilitates the use of 
ganged condensers, since the frequency 
ratio of the beating oscillator and 
signal circuits, the condensers of 
which are ganged, is different for each 


INTERMEDIATE 
FREQUENCY 
(385 KC) 


the voltage of the beating os- 
cillator is supplied to the sup- 


Figure 4. This type of modu- 
lation lightens the output re- 
quirement of the beating 
oscillator and results in im- 
proved stability without re- 
radiation difficulties. The five 
tuned radio frequency circuits 

and the variable-mu modu- | 
lator tube, provide outstand- °° 

, provi 
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ing selectivity against cross Fig. 4—Simplified schematic of suppressor grid 


talk from a strong unwanted 


modulation circuit 
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Fig. 5—Front view of the intermediate frequency panel 


of these frequency ranges. Also this 
arrangement makes it possible to 
monitor simultaneously on_ three 
channels, one in each radio frequency 
range, as well as permitting a much 
more rapid change from one fre- 
quency to another. 

In the intermediate frequency am- 
plifier, known as the 84A, is obtained 
the greater portion of the radio gain 
and the closeup selectivity. This 
amplifier has three stages coupled by 
eight tuned circuits, including the one 
terminating the radio frequency am- 
plifier, and an almost linear diode 
detector. Shunt capacity coupling is 
used in the filter circuits, which has 
permitted a band width changing 
feature to be incorporated. By operat- 
ing the band width switch on the front 
of the panel, Figure 5, the received 
band may be narrowed, a feature of 
considerable value for both telegraph 
and telephone reception in the pres- 
ence of severe interference. Both 
automatic and manual gain control 
are provided, and the time constant of 
the automatic control may be easily 
altered in the field. 

The use of a 256A (heterodyne oscil- 
lator) panel adapts the receiver to 
continuous wave telegraph reception 


as already noted. It 
provides for slowing 
down the time con- 
stant of the automatic 
gain control circuit for 
telegraph reception, 
and also for peaking 
the audio-frequency 
characteristic to im- 
prove telegraph selec- 
tivity. In telephone re- 
ception this panel may 
be used to keep the 
radio receiver at ap- 
proximately zero beat 
frequency with the dis- 
tant carrier, without disturbing the 
conversing subscribers. 

Two stages of audio frequency am- 
plification are obtained from the 85A 
amplifier, which also furnishes the 
power supply. Both input and output 
impedances are 600 ohms, and the 
final stage is push-pull, which in- 
creases the stability. This amplifier 
may be used separately from the re- 
ceiver if desired. To attenuate any 
disturbances or undesired signals ap- 
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Fig. 6—Cross-section of the dished type 
panel used for the various amplifier units 
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pearing in the power 
supply, filters (719 A, 
B, and C) are available 
as optional equipment. 

Two types of an- 
tenna tuning elements 
are available: the 7 
type antenna tuning 
units for coupling dis- 
tant antennas, and the 
254A panel for cou- 
pling local antennas. 
Both are suitable for 
either balanced or un- 
balanced antennas. 
The tuning units are 
adapted to out of doors 
location. The tuning 
units and radio frequency amplifiers 
include means whereby the operator 
may, in effect, move the tuning meter 
on the receiver to the remotely lo- 
cated tuning unit and thus make the 
required antenna tuning adjustments 
without the aid of another man or of 
an order wire. 

All of the amplifier units that, in 
various combinations, form the 13A 
receiver, employ the new dished type 
of panel. This construction, shown in 
cross-section in Figure 6, provides 
effective shielding and at the same 
time gives a rigid construction while 
employing relatively thin and easily 
fabricated material. In general all 
wiring and small components are 
placed on the front of the panel, where 
they are readily accessible for main- 
tenance, and all large components are 
mounted on the rear of the panel. 
Metal covers form the flush front of 
the cabinet as shown in Figure 2, and 
when removed, give access to appa- 
ratus mounted on the front of indi- 
vidual panels, as shown in Figure 7. 
Studs, spot welded to the rear of the 
front covers, pass through rectangu- 
lar holes in the side lips of the panel 


Fig. 7—Front of 85A amplifier panel with front cover 
removed 


and are drawn up from the rear, as 
may be gathered from inspection of 
the left side of the panels, Figures 3 
and 7. The back of the panel is com- 
pletely enclosed by the rear cover 
and lid. 

Standard overall sensitivity of the 
13A receiver is one microvolt, or bet- 
ter, which, considering circuit noise 
and other interference, is about the 
maximum ordinarily usable. This sen- 
sitivity is maintained with good uni- 
formity over the tuning range of 
each panel. Eight microvolts input 
modulated 30 per cent is sufficient 
for a 20 db signal-to-noise ratio. 
Maximum audio output is about 23 
db above six milliwatts. Normal tele- 
phone fidelity is 3 db down at 100 
and 3000 cycles; the upper value is 
cut to 6 db at 1750 cycles by opera- 
tion of the band width switch. By 
field changes requiring perhaps five 
minutes, this fidelity may be im- 
proved to 6 db down at 35 and 
4500 cycles. Telegraph fidelity with 
the peaking circuit is down 20 db 
at 200 and 2000 cycles referred to 
the 800 cycle peak. The normal tele- 
phone selectivity is over 60 db when 
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Fig. 8—Rear of 13A receiver cabinet for 
Tropical Radio with door open, and rear 
lids of units removed 


ten kilocycles off tune, and tele. 
graph selectivity, about 50 db when 
five kilocycles off tune. The auto- 
matic gain control has a range of 
about 60 db for a 6 db change in out- 
put, which is ample for ordinary 
conditions. 

Relays are provided in both the 83 
and 85 type amplifiers which enable 
the receiver to be used in cut-carrier 
transmission systems. Operated 
through the control circuit in the local 
transmitter, they disable the receiver 
when the transmitter comes on, and 
restore it when transmission ceases. 
The action is rapid enough to restore 
the receiver by the time the distant 
talker replies. This arrangement al- 
lows the receiver to be operated at the 
same frequency as the transmitter 
while located in the same room with 
it and with antennas closely adjacent. 

Careful scrutiny has been given the 
component parts of the receiver to 
insure their stability under the ex- 
tremes of temperature and humidity 
which may be found in_ tropical 
countries, or on shipboard. Every 
effort has been made to insure satis- 
factory life and performance over an 
atmospheric temperature range of at 
least from —40° to +120° F., accom- 
panied by humidities up to 85%. 
Adequate precautions against the 
corrosive effects of salt air have also 
been taken. 
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A Radio Transmitter for Central 
American Service 


By J. G. NORDAHL 
Radio Development 


OR radio telephone communi- 

cation with the Bahamas and 

the Caribbean countries, radio 
transmitters were required which, 
while capable of giving a good grade of 
transmission, would not be more ex- 
pensive than was warranted by the 
limited trafic expected. Fortunately 
the 9 type transmitter*, designed as 
the ground station transmitter for 
airplane service, met the require- 
ments for the Bahama service. Its 
output of 400 watts was adequate for 
the moderate distance involved and its 
frequency range of from 1.5 to 6.0 
megacycles covered the frequencies 
chosen for the Bahamas, which were 
between 4.0 and 5.0 megacycles. The 
2B rectifier*, also used at aviation 

*REcorD, Oct., 1930, p. 65. 


ground stations, was likewise found to 
be suitable as a power supply, not only 
for the Bahama service but for that to 
the Caribbean countries as well. For 
communication with the Caribbean 
countries, however, a_ transmitter 
operating at a frequency in the 
neighborhood of 15 megacycles was 
required, which was well beyond the 
frequency of the airport transmitter. 
A new transmitter was therefore de- 
veloped for the Central and South 
American countries, but its design 
was based upon that of the airport 
transmitter and many of the parts 
are the same. 

Complete transmitter equipment 
for this new project thus includes a 
gC transmitter for the Bahama link, 
which is essentially the airport trans- 
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mitter, and one of the 
new high frequency 
transmitters — coded 
as the D-95539—for 
communication with 
the Caribbean coun- 
tries. Each of the trans- 
mitters has associated 
with it a 2B rectifier 
which serves as_ the 
power supply. This ap- 
paratus, installed in 
the Opa Locka trans- 
mitting station just 
outside of Miami, Flor- 
ida, is shown in the 
photograph at the head 
of this article. In order 
from left to right are 


Fig. 1—One of the features of the D-95539 

transmitter is the grouping of all low-power 

radio frequency equipment on a removable 
frame in the middle at the bottom 


Fig. 2—Front end of radio frequency unit, which may be 
easily removed from the cabinet for maintenance 


the 9C transmitter, a 2B rectifier, the 
D-95539 transmitter, and its 2B 
rectifier. The bay on the extreme 
right is for power and line terminal 
equipment. 

From the outside, the new trans- 
mitter resembles the 9C, but the 
internal arrangement, shown in Fig- 
ure I, is distinctly different. It was 
found desirable to split the total 
frequency range covered by this trans- 
mitter into two bands: one from 6.0 
to 9.6 megacycles and the other from 
9.6 to 16.0 megacycles. Although 
there is ordinarily no need for chang- 
ing from one band to another under 
usual operating conditions, the change 
may be very quickly and easily made 
when necessary. The output tuning 
coil, shown at the upper left in the 
photograph, is a plug-in unit with 
adjustable taps for connection to the 
transmission line. By unfastening 
these two leads at the binding posts, 
the entire coil may be removed with- 
out changing the inductance adjust- 
ment. The only other change required 
in shifting from one band to the other 
is to push or pull the small push rod 
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shown between the two crystal units 
on the central portion of the lower 
section. The operation of this rod 
changes the tuning inductances in the 
intermediate radio-frequency stages. 

One of the interesting features of 
this transmitter is the assembly of all 
the low-power radio-frequency equip- 
ment on a separable unit shown in 
Figure 2, which is a left side and front 
view, and in the photograph at the 
foot of page 374 which is a left side 
rear view but with some of the appa- 
ratus removed to reveal the arrange- 
ment. The equipment carried by this 
unit may be seen in the photographs 
and by reference to the circuit dia- 
gram of Figure 4. It has two side 
sections, and an upper and lower middle 
section. The lower section carries the 
ganged tuning condensers which per- 
mit all tuning to be done by a single 
dial located at the bottom of the front 
panel. The upper middle section sup- 
ports the tuning coils—one of each 
set being cut into or out of the circuit 
by the push rod already referred to, 
when it is necessary to change from 
one to the other of the two frequency 
bands. 

Two 3A quartz plates are mounted 
at the rear of the upper middle sec- 
tion. Only one is in use at a time, but 
both are maintained at operating 
temperature. The control circuit em- 
ployed for this purpose uses a copper 
oxide rectifier to supply direct current 
for the control relays. With these 
crystals, the carrier frequency is 
maintained to better than .025%. The 
oscillator tube used with the crystal, 
shown at the lower right of Figure 
I, is of the indirectly heated cathode 
type. Two frequency doubler stages 
and a modulating amplifier follow the 
oscillator and are shown at the right 
of Figure 2. These tubes are of a 
recently developed four element type 


with unusually large allowable plate 
dissipation. The inductance in the 
modulating amplifier stage is tapped 
to supply neutralizing and input 
voltages to the power amplifier. 

The power amplifier, at the upper 
right of Figure 1, is a radiation cooled 


Fig. 3—Dummy plugs, inserted in the 

lower front of the D-95539 transmitter, per- 

mit readings of plate and grid current of the 
low power stages 


251A tube already described in the 
Recorp*. This tube has given ex- 
tremely satisfactory service at aero- 
nautical ground stations, and was 
chosen because it could be made to 
operate with great reliability. With 
its tuning condenser and coils it occu- 
pies the upper part of the cabinet. 
The grid connection of the tube is at 
the bottom, close to the stud con- 
nected to the grid winding of the 


*REcorD, Oct., 1932, p. 30. 
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modulating amplifier coil—an ar- 
rangement giving the shortest possi- 
ble length of lead. The output of the 
power amplifier may be smoothly 
controlled by a variable resistance in 
the combined de and ac supply path 
to the modulating amplifier. This 
method has the advantage not only of 
being inexpensive but—with the 
proper design of circuits—of keeping 
the degree of modulation very nearly 
constant with changes in power. 
Measurements have shown that the 
input audio-frequency voltage re- 
quired for complete modulation is 
constant to within .5 db for all posi- 
tions of the power control. 

Two stages of amplification, shown 
at the extreme lower left of Figure 1, 
supply audio frequency power to the 
modulating amplifier. The first input 
transformer has a tapped secondary, 
which furnishes the necessary varia- 
tion to take care of differences in line 
loss between the transmitter and the 
voice-frequency control equipment 
described in an accompanying article. 
A rectifier type voltmeter connected 


across the output of the first ampli- 


fier stage indicates the audio fre- 
quency power level. The second audio 
stage has two tubes connected in 
push-pull. This arrangement, together 
with the employment of a heater type 
tube for the first stage, reduces the 
ripple on the carrier to a very much 
lower value than obtained from other 
radio transmitters using the same 
power supply. The secondary of the 
output transformer of the second 


audio frequency stage is connected in 
series with the dc plate supply leads 
of the modulating amplifier tube, and 
impresses the modulating voltage on it. 

Adjustment of the circuits or the 
location of trouble has been made 
easy by bringing the necessary plate 
and grid circuits to a set of jacks on 
the front of the removable radio- 
frequency unit. By inserting a dummy 
plug through marked holes in the 
front of the panel, as shown in Figure 
3, the current in any circuit may be 
read on grid and plate current meters 
mounted at the top of the panel. This 
simple switching arrangement greatly 
reduces the number of meters and the 
wiring required. Two small lamps, 
mounted at each end of the lower row 
of jacks, flash intermittently when 
the quartz plates have reached oper- 
ating temperature. Protection from 
lightning and atmospheric potentials 
is provided by spark gaps and leak 
resistances at the terminals of the 
radio transmission line. Overload and 
control circuits are located in the 
2B rectifier. 

Since only five of these new high 
frequency radio transmitters were re- 
quired for the Caribbean project, the 
preparation of the usual complete 
manufacturing information was 
omitted. Sketches from which the de- 
velopment model was constructed 
were modified in accordance with test 
findings, and from these the com- 
mercial transmitters were built in the 
Development Shop of the Labora- 
tories. 
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Contributors to This Issue 


R. F. Mattiina received an M. E. 
degree from the Vienna Technical Col- 
lege in 1912 and then studied textile 
engineering for two years at the Textile 
Engineering College in Austria and at the 
London Institute in England. He came 
to this country in 1922 and was engaged 
as designer and engineer by several con- 
cerns, spending over two years with the 
Victor Talking Machine Company. In 
1929 he joined the technical 
staff of Bell Telephone 
Laboratories where with the 
Apparatus Development 
Department he worked on 
disk recording and call 
announcers. At the present 
time he is with the Acous- 
tical Research Department. 


W. A. MacMaster re- 
ceived a B.S. degree in 
physics from Union College 
in 1927, and joined the 
Technical Staff of the Lab- 


oratories in the same year. 


R. F. Mallina 


After a short period with the Personnel 
Department, he transferred to the Re- 
search Department and engaged in car- 
rier transmission problems. The following 
year he transferred to the Systems De- 
partment where after a short period with 
the Trial Installation group, he joined the 
Toll Equipment group. Here he has been 
engaged chiefly in the development of 
voice - frequency control equipment for 

radio telephone channels. 


J. G. Norpaut received 
the B.S. degree in E.E. 
from the University of 
Washington in 1925 and im- 
mediately joined the tech- 
nical staff of the Bell Lab- 
oratories where he was asso- 
ciated with the develop- 
ment of broadcast and other 
radio transmitters. From 
this group he transferred to 
the radio receiver develop- 
ment group where at the 
beginning of our work on 
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¥. G. Nordahl 


H. T. Budenbom 
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communication with aircraft, he designed 
some of the first models of airplane re- 
ceivers. Since the latter part of 1928, he 
has been engaged in the development of 
aircraft and point-to-point radio trans- 
mitters. 


the Laboratories. Here, with the Trans- 
mission Engineering Department, he acted 
as a consultant to the local systems group 
on transmission practices. While here he 
received an E.E. degree from Purdue 
and also took post-graduate work in 
electro-physics at Columbia University. 
In 1928 he transferred to the radio de- 
velopment group where his work, except 
for some radio interference studies, has 
been on radio receiver development. 


H. T. Bupensom received a B.S. 
degree in electrical engineering from 
Purdue University in 1922, and im- 
mediately joined the technical staff of 


Vail Medal Awards for 1932 


The National Committee of Award for the Theodore N. Vail Medals 
has announced the award of three silver medals, each accompanied by a 
cash award of $250, to employees of the Associated Companies of the 
Bell System for noteworthy public service. 

To be selected for National Vail Medal recognition an act must have 
for its objective the accomplishment of something of real value in the 
public interest through the medium of Bell System facilities, organiza- 
tion, training or experience, and must reveal to a high degree many, if 
not all, of the positive qualities of intelligence, initiative and resource- 


fulness, and usually courage, endurance and fortitude. 


The citations are: 


Lita Cook Gappy, operator of the 


Three States Telephone Com- 
pany: 
For alertness and initiative which led to the 
apprehension of two desperate criminals. 
While on duty on January 3, 1932, at 
Streetman, Texas, she learned that two men 
had ditched a car on a nearby highway, had 
disappeared and that firearms and a Missouri 
automobile license plate had been found near 
the scene of the accident. Suspecting that they 
might be two fugitives whom she had heard 
described the previous evening in a radio 
broadcast concerning the shooting of six 
police officers at Springfield, Missouri, she 
obtained a description of the men and, find- 
ing that this tallied closely with that of the 
fugitives, notified the authorities at Street- 
man and Springfield. As a result, the fugitives 
were pursued, and later they shot themselves 
rather than submit to capture. 


IRENE Recina Duncan, operator of 
the Southwestern Bell Telzphone 
Company: 

For courage and perseverance in delivering 
an urgent telephone message. 

On the evening of September 9, 1932, at 
St. Joseph, Missouri, the messenger service 
usually employed having failed to locate a 
man for whom there was a long distance tele- 
phone message, announcing the death of his 
son, she volunteered to find him and deliver 
the message. Nothing was known of the man’s 
whereabouts except that he was employed 
on a government dredge somewhere along the 
Missouri River, near St. Joseph. 

With a younger sister, at night, she searched 
from boat to boat, traveling thirteen miles, 
in part by automobile and in part by foot, 
largely through a rough and dangerous area, 
until she finally found the man and delivered 
the message. 
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Henry R. BELL, line foreman of the 
New England Telephone and 
Telegraph Company: 


For prompt, courageous, intelligent and 
effective action in rescuing a man caught by 
fallen debris in a partially burned building. 

On December 1, 1932, while working with a 
crew of four men at Peabody, Massachusetts, 
he learned that a man had been caught by the 
collapse of a portion of the second floor of a 
nearby tannery building, which had been 
partially destroyed by fire. 

With his men, Bell hurried to the scene, 
taking with him bars, ropes, chains, blocks 
and tackles. At once realizing the necessity of 
undertaking the rescue work with extreme 
care, in order to avoid causing further sliding 
or falling of debris and weakened timbers, 


which would have imperiled the victim and 
rescuers alike, he warned a fire captain, who 
had arrived with his men, of this danger. At 
the latter’s suggestion, Bell continued in 
charge of the rescue work. 

He ordered the weakened walls and floor 


timbers, together with bales of hides, ma- — 


chinery and other material resting upon them, 
to be secured by ropes fastened to nearby 
buildings. This done, he directed the removal 
of timbers and other heavy objects which 
were holding the man a prisoner. With the 
help of a fireman, Bell pulled the victim free, 
carried him to a place of safety and placed 
him in an ambulance, which took him to a 
hospital, where he fully recovered. Between 


Bell’s appearance in the building and the 


patient’s arrival at the hospital only twenty 
minutes elapsed. 
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